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AbstractWe have fabricated and
variety of devices based on stacked YBgZLu,0,
bicrystal Josephson junctions in a multilayer
structure. The proximity of the junctions in the
two layers produces a large number ofeffects based
on interactions between the junctions. Voltage
locking and current locking were observed in the
stacked junctions. The voltage locking is due to
the ac path provided by a SrTiO, layer between the
stacked junctions. The current locking is likely the
result of a Josephson vortex interaction.

studied a

. INTRODUCTION

We havestudiedmultilayer high-TE bicrystal Josephson
junctions [1,2] and observed junction interactions in fthren
of voltage locking and current locking. In thaper wewill
show experimental evidence for these interactambdiscuss

Il. EXPERIMENTAL

We first deposited a 4-layer stack of Y,Ba,0O, (YBCO)
andSrTiO; (STO) films on a bicrystal STO substrate with
24° misorientation angle by Krpulsed-laseablation. The
thickness of each of the YBCfims is about 0.19 pm, and
the thickness of the ST@yer betweerthe YBCO layers is
about 0.18 um. After patterning the stack usindefacused
exposure of photoresist (foroduceslopededges) andon-
milling, we deposited another layer of STO whidvers the
exposed YBCO edgesThen the sample wagsatterned again
to expose the YBCO layers separately. Finally, anddyer
of YBCO wasdepositedand patterned,forming leads to the
two YBCO layers at theexposedvias. The critical
temperaturesvere measured to b86.5 K for the bottom
YBCO layerand 88.7 K for the top YBCO layer. This
process allows us to study thanctions in each layer

independently and to construct variailevices.Details of the

Coupled Josephson junctions interagth each other, fabrication are reported elsewhere [1, 2].
displaying voltage locking3-5] and currentlocking [6-10]. The experimental vertical structures are showifrion 1.

In the case of two junctions in a circuit where the coupling iStarting with a4-layer stack, Fig. la, wecan form the
capacitive and/omductive, the voltages afachjunction are voltage-locking structureFig. 1b, in which the two
pulled togetherand can lock over a finiterange of current junctions are biasedindependently,and the current-locking
bias. This is the result of the interaction of the higlstructure, Fig. 1c, in which the junctions are connected at one
frequency currents arising from the ac Josephson effect in e&ttdl by another YBCO layer and biased in series.

junction. The study ofoltage-lockedunctionscanhelp us
understandhe internaldynamics ofthe junctions (through
modeling of circuitandjunction parametersind the layered
structure of high-I materials. The coupling of junctions isA. Voltage Locking
the basis for applications such as voltatggdardq411] and
high frequency oscillators [12].

When two junctions are closely spaced, under the
appropriate bias conditions the criticalcurrents of the
junctions are pulled together. This effect is called current
locking and was first observed by Jil al [6] in a system
of two closelyconnectednicrobridges. Current locking was
also observed in stacked Ntunnel junctions, in which the
junctions are parallel and connected biim superconducting
Nb layer [8-10]. Current locking of this tygman occuronly
when the distance between the junctions is comparable to the
coherencdength of thesuperconductor.Mutually reinforced
depression othe orderparameter ighought to be the basis
for suchcurrentlocking [7]. Other explanations such as
inductive interactions between two junctions [10] and
modulation of | of one junction by theadiationfrom the
other junction [8] have been given for current locking.

possible mechanisms causing such effects.

Ill. RESULTS AND DISCUSSION

With a sample such as shown king. 1b, weobserved
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voltage locking between a pair of stacked Josephson voltage relations such as we observe. Tdapacitive
junctions. In our experiment the bottom junction we&sed coupling can be modeled using a circuit simulatieciuding
at a fixed current above its critical currep{dnd therefore at a the interlayercapacitance. We arearrying out preliminary
fixed voltage),andthe biascurrentthrough the top junction calculations using @ommercialsimulation package which
was swept. When theurrent inthe top junction is irsame includes Josephson junctions.
direction asthe current in the bottom junction, the |-V
characteristic of the top junction shows steps at the voltage ®f Current Locking
the bottom junction. Figure 2 shows series of |-V
characteristics of a top junction at 60 K. Both junctions are Critical current locking was observed in astacked
4 um wide andthe k. of the bottom junction is about 4-5 junction pairconnected abne end, asshown in Fig. 1c.
times higher than that of the top junction. Each of the curv&wept biascurrentwas passedhrough the two junctions in
is offset in the voltage axis for clarity. The step positions areries, and the voltages across each junctiais recorded at
precisely at thdixed voltage of the bottom junction, within the same time. TheV characteristics at7 K, 50 K, and
the uncertainty of the measurements of approximately 1 u\30 K of a pair of stackedjunctions40 um wide areshown
In Fig. 2 the step heighdecreasesvith increasingbottom in Figures 3a, 3band 3crespectively. The voltages for the
junction voltage butdoesnot monotonicallydecreas@ver a top junction are reversed, so that they can be seen more easily
larger voltage range. We have seensip disappear and when plotted with the bottom junction. A K the critical
reappeamwith increasing voltage at higher voltage rangesurrents of the top and bottom junctions are different,
The biggest stepmeasuredwhen the bottom junction is 3.6 mA for the top junctionand 3.9 mA for the bottom
biased at 0.1 mV, is about 0.11 mA. It is about 20 % of thanction, as seen in Fig. 3a. As ttenperature idowered,
Ic (0.54 mA) when ¥, = 0. The highest voltage awhich the criticalcurrents ofthe junctions get closeand atabout
stepscan be observed increasgigh decreasingemperature. 53 K they becamedentical. The critical currentare locked
Steps at 2.8 mV were observed at 20 K. at 16.5 mA at 50 K and 25.8 mA at 30 K. Note théile

The voltage locking is presumably due to coupling of ththe criticalcurrentsare identical, the normal resistances are
Josephson oscillationsetweenthe junctions. The simplest
coupling mechanism is through tkapacitance between the
YBCO layers separated by STO. When one junction is in tt _
normal state, it produces an oscillatisgpercurrentvhich in - top junction

bottom junction I

turn affects the other junction through the STdayer,
causing steps in it$V curves. The STO has dielectric
constantgreaterthan 500, sovery large capacitances can z
result evenwith small overlap areas. Resonances in the b
junction stack and the wiringanalsoinfluence therange of g.
voltages over which lockingcan be seen; geometric s .
resonances camesult in non-monotonic step height-vs.-
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Figure 3. |-V characteristics of théop and bottom junctions in a 40 um
Figure 2. Voltage interactions. We show the |-V characteristics of a 4 pmide stack at (a) 77 K, (b) 50 K, (c) 30 K. Thmctionsare biased in
wide top layerjunction at 60 K with thebottom junction biased at 0, 0.1, series and the curves for the bottom junction have been reversed for visual
0.2,0.3,0.4, 0.5, and 0.6 mV. The curves are displaced upwards at 0.1 midrity. Critical current locking is present at 50 K and 30 K. Hysteresis is
for clarity. evident at 30 K and the return currents are also locked.



different. Also, due tothe high dielectric constant of STO

and the large critical current atow temperature, the |-V 4
characteristics of both junctiorse hysteretic. As shown in

Fig. 3c, when hysteresis appears in the locked junctions, both

the critical currents and the return currents of the two

junctions are identical. 3.5

When biasedndividually, eachjunction has a lowerl
than the lockedobtained when a bias current flowsseries
through both junction. The I-V characteristics of the top and 3
bottom junctionswere measured bgassing the biasurrent
through only the junction beingeasuredvhile leaving the
other junction idle. Thdocked critical current ishigher at
least partly because the self-fields of the juncticersceleach
other when they are biased in series.

The strongcurrent locking effects werenot seen in
narrowerjunctions (8 um orless). Tofurther study the
currentlocking, we made achip which includes junction
patterns withdifferent widths. An optical micrograph is
shown in Fig. 4. The junctions stackare 5 um, 10 um,
20 pum, and 40 um wide. Ciritical current locking was
observed inthe 10 pm, 20 pum,and 40 um stacks. The
5 um junction stackshowed no currenbcking evenwhen 1
the temperaturewas lowered to 4.2 K. The temperature
dependence of imeasuredvith series biasing in th&0 um,

20 um, and40 um stacksare shown inFig. 5. At high
temperaturehe two junctions in a stackave different L 0.5
values. Below an onset temperature, which increases with the

width of the stack, the.lof eachjunction become identical
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and remain locked down to 4 K. The startiegperature of 0 R
currentlocking is 76 K for the 40 um stack,72 K for the 50 55 60 65 70 75 80 85
20 um stack, and 64 K for the 10 um stack.

Our multilayer junction system is significanttijfferent Temperature (K)

from the other systems displayimgrrentlocking discussed

in the introduction. The two bicrystal junctions as shown inFigure 5. Critical current as a function tdmperature for thestacked
: - .. :junctions in series. The open circles is for the 10 um, the open squares for
Fig. 1 are connected by a 160 um Iong YBCO film, which ISthe 20 um, and the open diamonds for the 40 um tpdgunctions. The

much longer than the YBCQ@oherencelength. The long filled inverted triangles is for the 10 pm, the diamonds for the 20 pm, and
triangles for the 40 um wide bottom junctions.

superconducting connectioreasily rules out anyorder
parameter interaction. However the junctions are very closely
LeadstoY1 &Y2 ' spacedvertically, with a STOlayer 0.18 um thick between
[ | them. Since the junctionare formedthrough theupward
propagation of the single graiboundary inthe bicrystal
substrate, the junction planesside inthe same plane as the
substrate grain boundaryThus, some form ofnductive or
capacitive interaction ispossible. However, the locked
critical currentsare largerthan the criticalcurrents of the
individually measured junctions, counter to the expected result
from a high frequency interaction.

Magnetic field penetrateswide junction in the form of
Josephson vortices whose sizesdefined bythe Josephson
penetration depth;. In our system the Josephson vortices in
the two junctionswould align due to the unique geometry.
The qualitative observation that the onsemperature for

Figure 4. An optical micrograph of the microbridge junction stacks fo_PurremlOCking increaseswifch junction width supportsthis
current locking measurement. Thedth of the junction stackare 5, 10, idea because\, increaseswith temperature. Moreletailed
20, and 40 pm from left to right and their lengtte all 40 um. Thegrain . P . .
boundary crosses the middle of the microbridges. fdpeand thebottom Investigations such as flg-:‘htbpendence dhe Cu”:emlo_Ckmg
YBCO layers are connected at the upper end of the stacks by a YBCO/amd the accurate determinations\gfof the junctions ineach
bilayer film (“Leads to Y1&Y2"). Separate leads to thep and to the : ; ;

bottom YBCOlayer can be seen at lower end of the stacks (“Leads tlt?yer are underway_ to confirm this explanatl'on. Our
Y1(Y2)"). measurements f; will appear elsewhere; there is @esent




agreement betweehe temperaturelependence ahe current

locking and that o, (3]

[4]
[5]

IV. CONCLUSIONS

The voltage locking is due to capacitive couplbeween
the junctions through the ST@ayer which has a high [g
dielectric constant. Preliminary circuit modeling supports
this hypothesis. Warepresently exploring the hypothesis 7
that the current locking arises from Josephsomortex
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